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(57)Abstract: 

PROBLEM to BE SOLVED: To improve the mechanical 
strength by carrying out metal Ni plating on a R-Fe-B 
bonded annular, thin plate, and discoidal magnets, using a 
specified plating bath. 

SOLUTION: R-Fe-B magnetic material powder of required 
composition and property is injection-molded or rolled and 
compression-molded to provide a resin-molded annular, 
thin plate, and discoidal magnets having a thickness of 0.5 f 
to 10 mm. After this magnet is cleaned with water, the 
magnet is impregnated with a solution of a compound 
such as acidic ammonium fluoride to which a surface 
active agent is added, thus carrying out surface activation. 
Then, using a plating bath which is obtained by properly 
selecting nickel sulfate, sodium sulfate, magnesium 

sulfate, ammonium citrate, or sodium citrate, cobalt sulfate, and boric acid in accordance with 
the composition of a bonded magnet 3, Ni electroplating is carried out by using a nickel chip 1 
for an anode plate. After cleaning with water, sealing is carried out and cleaning is properly 
carried out. Thus, a Ni plating layer having extremely high coating strength can be easily 
formed, and a bonded magnet having high corrosion resistance and high strength can be 
provided. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 

3 .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amehoration of the R-Fe-B system plastic-molded-type 
magnet which consists of the shape of the shape of the plastic-molded-type magnet called the flexible 
magnet or plastic magnet of thin meat, especially a ring, and sheet metal, and one of disc-Uke 
configurations, makes nickel plating layer by the specific plating bath put on a plastic-molded-type 
magnet front face firmly, and, in addition to corrosion resistance, relates to the plastic-molded-type 
magnet which raised mechanical strengths, such as collapse reinforcement and shock resistance, 
remarkably. 
[0002] 

[Description of the Prior Art] Generally, ferrite system magnetism material be long used for the plastic- 
molded-type magnet (henceforth a bond magnet) call a flexible magnet or a plastic magnet, in order to 
knead organic substance binders, such as magnetic material powder, and rubber, various resin, etc. and to 
fabricate them mechanically, as compared with the sintered ferrite magnet, sintering energy be 
unnecessary, and it be supposed dimensional accuracy that it be the the best for a miniaturization, 
lightweight-izing, and light-gage product and a complicated configuration product since fabricating be 
also unnecessary. 

[0003] The product of the various applications which used the magnet is asked for high performance- 
ization with a miniaturization and lightweight-ization, and high performance-ization is attained from said 
ferrite system bond magnet from the isotropic bond magnet to the anisotropy bond magnet to the rare 
earth system bond magnet of high magnetism by the end of today. 

[0004] What uses Sm-Co system magnetism material and R-Fe-B system magnetism material for a rare 
earth system bond magnet is known, and the R-Fe-B system bond magnet using the R-Fe-B system 
magnetism material to which a maximum energy product demonstrates the high magnetic properties of 50 
or more MGOes attracts attention with the sintered magnet especially. 

[0005] This R-Fe-B system magnetism material powder can be obtained by various processes, such as a 
method (JP,60-63304,A, IP,60-1 190701,A) of dissolving / grinding which dissolves a necessary R-Fe-B 
system alloy, and is pulverized after casting, a direct reduction diffusion method (JP,59-219404,A, JP,60- 
77943 ,A) which obtains direct powder by calcium reduction, and a quenching alloying method which 
dissolves a necessary R-Fe-B system alloy, obtains a ribbon foil, and grinds and anneals this of a jet axle- 
pin rake. 

[0006] Even if it used the magnetic material powder obtained by which process, the R-Fe-B system bond 
magnet had put the resin layer which there is a problem which is easy to rust since abundant ** is 
included, and becomes a front face from a presentation variously about the component phase which is 
very easy to oxidize to the presentation, and Fe by electropainting, the spray method, dip coating, the 
sinking-in method, etc. (for example, JP, 1-1 665 19, A, JP, 1-245 5 04, A). Moreover, the R-Fe-B system 
bond magnet (JP, 1-105 5 04, A) which performed surface preparation by the organometallic compound into 
the magnetic material powder before resin shaping beforehand, and planned oxidation resistance is also 
proposed. 
[0007] 



9:54:08 AM 



Page 2 of? 



[Problem(s) to be Solved by the Invention] A R-Fe-B system bond magnet can be used more as the ring- 
like magnet of thin meat, or the minimum magnet of a complicated configuration, if it applies to motors 
for[ various ] precision small devices, such as optimal for example, the disk location sensor of 
information machines and equipment, the spindle motor and the cylinder motor for VTR cameras for the 
miniaturization of an application device, and lightweight-izing, and a capstan motor, since it is remarkable 
and highly efficient as compared with a ferrite system bond magnet. 

[0008] That is, in the case of ring-like R-Fe-B system bond magnets for motors, such as a brushless motor 
and a stepping motor, thickness is made on the thin meat which is about 0.5-3 mm, and contributes to the 
miniaturization of an application device, and lightweight-ization. 

[0009] However, since an old R-Fe-B system bond magnet had the small mechanical strength, when they 
were magnetization and the handling at the time of the assembly of a motor, it had the problem which a 
crack and a chip tend to generate. Moreover, it was easy to damage with the stress received on the time of 
press fit of a shaft, or the occasion of magnetization, the centrifugal force by high-speed rotation, etc., and 
further, by resin paint, since paint film thickness became thick, there was a problem to which the magnetic 
gap in a magnetic circuit becomes large. 

[0010] That is, the corrosion-resistant resin coat given to the R-Fe-B system bond magnet had 
comparatively low covering reinforcement, and what consists of presentation [ which ] needed to diicken 
film thickness, in order to prevent rusting in a cruel operating environment, and it needed to make it 
multilayers. 

[00 11] It was not enough to prevent the crack or chip at the time of handling of transportation, the 
assembly of a magnetic circuit, etc. although the mechanical strength of a R-Fe-B system bond magnet 
which has a resin coat improved slightly. 

[0012] On the other hand, in order that a R-Fe-B system sintered magnet may raise that corrosion 
resistance, nickel plating is carried out on the front face, and this nickel plating showed the corrosion 
resistance which rusting was not seen but was excellent also in the cruel operating environment. As for 
the nickel plating approach to this sintered magnet, the electrolysis galvanizing method or the 
nonelectrolytic plating method was used. 

[0013] Since a chloride will be included in a bath presentation so much even if this system bond magnet 
will not be able to dissolve since Bath pH is [ that bath temperature is 30 degrees C or more in a Watts 
bath typical, for example ] low although it is possible to apply nickel plating of this R-Fe-B system 
sintered magnet to a bond magnet, and it will not be able to galvanize, a light-gage ring-like product etc. 
will be destroyed immediately and it is able to galvanize barely for the product of the letter of an angle 
block, rusting is immediately carried out from the interior, and it is destroyed. 

[0014] This invention aims at the corrosion resistance of the R-Fe-B system bond magnet which cannot 
form direct nickel plating in a front face conventionally, and offer of the R-Fe-B system bond magnet 
which raised mechanical strengths, such as collapse reinforcement of the magnet itself, and shock 
resistance, especially in view of the present condition that collapse reinforcement was inferior, with the 
corrosion resistance improvement in the shape of the shape of a ring, and sheet metal, and a disc-like bond 
magnet. 
[0015] 

[Means for Solving the Problem] The R-Fe-B system bond magnet with which artificers consist of the 
shape of the shape of a ring, and sheet metal, and one of disc-Uke configurations, The result of having 
examined many things about surface treatment for the purpose of the corrosion resistance of the bond 
magnet of thin meat especially with low reinforcement, and improvement in a mechanical strength. By 
using specific nickel plating bath for the bond magnet for which metal plating was impossible by the 
erosion or rusting conventionally Metal nickel plating can be firmly put on necessary thickness, without 
carrying out rusting, an erosion ~ This metal nickel plating layer serves as firm shell, carries out the 
knowledge of improving remarkably with several or more times as compared with that in which 
mechanical strengths, such as collapse reinforcement and shock resistance, prepared the conventional 
resin coat, and completes this invention. 

[0016] So that artificers may perform nickel plating which shows the corrosion resistance which is a R- 
Fe-B system sintered magnet, and was excellent to this system bond magnet, if it explains in full detail By 
surface-activity-ization-processing before plating and electroplating by a new bath presentation and the 
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nickel plating approach, as a result of considering nickel plating bath presentation By could form nickel 
plating layer by easy and, very high covering reinforcement, and having put nickel plating on the front 
face of a R-Fe-B system bond magnet firmly As shown in an example, not to mention corrosion resistance 
improvement, mechanical strengths, such as collapse reinforcement, anti-****, and shock resistance, 
improve also more than twice and several times, and the knowledge of high corrosion resistance and a 
high intensity bond magnet being obtained is carried out. 

[0017] That is, this invention has nickel plating layer on the front face of the thin meat-like R-Fe-B 

system plastic-molded-type magnet with which thickness consists of the shape of the shape of a ring 
which is 0.5-lOmm, and sheet metal, and disc-hke either, and is a plastic-molded-type magnet whose 
collapse reinforcement is two or more [ 3kg //mm ]. 

[0018] In addition, although the bond magnet of this invention is characterized by collapse reinforcement 
being two or more [ 3kg //mm ], since this collapse reinforcement is sharply changed with a consistency, a 
configuration, etc. after shaping, it is based on the following measuring methods here. 
[0019] a binder ~ an epoxy resin - 2wt(s)% - it is the manufacture approach which adds, fabricates by 
press-forming pressure 5 ton/cm2, and carries out curing at 150 degrees C, and with a ring-Uke bond 
magnet, as 0.5-2kg /is shown in an example mm in 2 and nickel plating processing, when 3-30kg /of 2 and 
nickel plating thickness are [ mm ] 5-30 micrometers in the case of non-surface treatment, 5-20kg /is 
[ mm ] 2. Collapse measurement of a ring-like bond magnet on the strength is JIS. It is based on the 
bending test approach of a laminated tube with a bore [ of K691 1 ] of 100mm or less. 
[0020] 

[Embodiment of the Invention] The R-Fe-B system bond magnet by this invention The binder which 
makes an organic giant molecule a subject for a necessary presentation and the R-Fe-B system magnetism 
material powder of description, Heating kneading of the assistants, such as coupling material, is carried 
out. In a necessary configuration Injection molding or rolling, It presses. Surface activity-ization to a 
necessary configuration, nothing, and this After processing and rinsing, Electric nickel plating which used 
S land nickel for the anode plate is performed using specific nickel plating bath which consists of a 
presentation mentioned later, and it is obtained by carrying out the coat of the nickel plating of necessary 
thickness firmly through rinsing, rust-proofing sealing, and the process to wash. 
[0021] Below, the raw material of a bond magnet and the manufacture approach are explained in full 
detail, and the nickel plating approach etc. is explained in full detail in a list. 

The R-Fe-B system magnetism material powder used for the R-Fe-B system bond magnet by invention of 
R-Fe-B system magnetism material **** The method of dissolving / grinding which dissolves a necessary 
R-Fe-B system alloy, and is pulverized after casting, The direct reduction diffusion method which obtains 
direct powder by calcium reduction, the quenching alloying method which dissolves a necessary R-Fe-B 
system alloy, obtains a ribbon foil of a jet axle-pin rake, and grinds and anneals this, A necessary R-Fe-B 
system alloy is dissolved, and after carrying out disintegration of the gas atomizing method and necessary 
raw material metal which carry out disintegration of this and heat-treat it by gas atomization, it can obtain 
by various processes, such as the mechanical alloy method which impalpable-powder-izes and is heat- 
treated in mechanical alloying. 

[0022] It can manufacture according to the process which dissolves the method raw material of 
dissolving / grinding, and carries out mechanical grinding after casting. As a start raw material 
Electrolytic iron, the ferroboron alloy with which B is contained and the remainder consists of impurities, 
such as Fe, and aluminum. Si, C, The RF dissolution of a rare earth metal or the raw material powder 
which blended Electrolysis Co fiirther is carried out. It casts to water-cooled copper mold after that, and 
hydrogen absorption grinding is carried out, or coarse grinding is carried out by mechanical grinding 
usual [, such as stamp mill attritor, ], and then the process pulverized with wet grinding using various 
solvents can be adopted as dry grinding lists, such as a ball mill and a jet mill. 
[0023] Direct reduction diffusion method ferroboron powder, ferronickel powder, cobalt powder, iron 
powder, It selects according to the presentation of the raw material alloy powder which asks for the raw 
material powder which consists of at least one sort of metal powders and/or oxide powder which consist 
of rare earth oxide powder etc. The stoichiometric initial complement which the above-mentioned raw 
material powder takes Metal calcium or CaH2 at reduction of the above-mentioned rare earth oxide 
powder carries out mixing 1 . 1 to 4.0 times (weight ratio). The powder which has the average grain size 
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whose coarse grinding is unnecessary 10-200 micrometers is obtained by heating at 900 degrees C - 1200 
degrees C in an inert gas ambient atmosphere, throwing in the acquired resultant underwater, and 
removing a reaction by-product. Furthermore, it is also good to pulverize by performing dry grinding, 
such as a ball mill and a jet mill. 

[0024] as the presentation acquired by for example, the method of dissolving / grinding, and the direct 
reduction diffusion method -- R (at least one sort of light rare earth, such as Nd and Pr, is preferably made 
into a subject however, the rare earth elements in which R contains Y -) or Nd and Pr etc. - mixture is 
used " eight atoms % - 30 atom % - B-2 atom % - 28 atom % and Fe65 atom % - 84 atom % (what 
permuted a part of Fe by at least one sort in 8.0% or less of nickel of 50% or less of Co of Fe and Fe is 
included) are used as a principal component. The main phase by ****** Impalpable powder with an 
average grain size of 0.3-80 micrometers which consists of a single crystal thru/or some crystal grain 
substantially is desirable. 

[0025] Moreover, in order to raise coercive force, the R-Fe-B system magnetism material powder for 
bond magnets with high coercive force can be obtained by cracking the R-Fe-B system pulverizing 
powder 3 micrometers or less of a necessary presentation, after carrying out orientation shaping in a field, 
and cracking, after heat-treating at further 800-1 100 degrees C. <BR> [0026] A quenching alloying 
method necessary R-Fe-B system alloy is dissolved, and after carrying out melt spin of a jet axle-pin rake, 
obtaining the ribbon foil of 20-micrometer thickness extent and pulverizing this, it makes with the powder 
which carries out annealing heat treatment and has a fine crystal grain 0.5 micrometers or less. Desirable 
presentations are eight to R30 atom %, 42 to Fe90 atom %, B-2 - 28 atom %, and below Col 5 atom %. 
Moreover, it is also good to carry out the hotpress of the powder which has the fine crystal grain obtained 
from the above-mentioned ribbon foil, to obtain the bulk magnet which gave the anisotropy, to pulverize 
this, and to consider as the magnetic material powder for bond magnets. 

[0027] An atomizing method necessary R-Fe-B system alloy is dissolved, from a thin nozzle, drop a 
molten metal, atomize with high-speed inert gas or a high-speed liquid, this is dried or annealing heat- 
treated after a comb division or grinding, and the R-Fe-B system magnetism material powder for bond 
magnets is obtained. 

[0028] By grinding mechanical alloying necessary raw material powder in inert gas by the ball mill or dry 
type attritor, it is made amorphous, annealing heat t^ieatment is carried out after that, and the R-Fe-B 
system magnetism material powder for bond magnets is obtained. 

[0029] To furthermore, the raw material powder for R-Fe-B system bond magnets obtained and blended 
by the above-mentioned process for a raise in the coercive force of the bond magnet obtained, and 
corrosion-resistant improvement Below Cu3.5 atom %, below S2.5 atom %, and below Ti4.5'atom % 
Below Sil5 atom %, below V9.5 atom %, and below Nbl2.5 atom % Ta Below 10.5 atom %, below 
Cr8.5 atom %, and below Mo9.5 atom % Below W9.5 atom %, below Mn3.5 atom %, and below 
aluminum9.5 atom % Below Sb2.5 atom %, below germanium? atom %, and below Sn3.5 atom % below 
Zr5.5 atom %, below Hf5.5 atom %, below calcium8.5 atom %, below Mg8.5 atom %, below Sr7.0 atom 
%, below BaV.O atom %, below Be7.0 atom %, and ** - addition content of at least one sort can be 
carried out inside. 

[0030] Various things can be adopted as the desirable embodiment binder and shaping approach binder of 
a bond magnet according to the various well-known shaping approaches, an organic high molecular 
compound with many functions, such as an easy thing of processing which has a large fluidity, 
thermosetting, and thermoplasticity, can be used, and it kneads at a 1 - 15wt% rate. For example 6PA 
12PA, 6PA, PPS, PBT, EVA, etc. can use PVC, NBR, CPE, NR, high PARON, etc. for extrusion 
molding, a calendering roll, and rolling shaping, and an epoxy resin, DAP, phenol resin, etc. can be used 
for compression molding at injection molding. Moreover, well-known metal binders, such as solder, can 
be used if needed. 

[003 1] Coupling agents, such as lubricant, the resin and the binder of an inorganic filler which make 
shaping easy, a silane system, and a titanium system, etc. can be used for assistant ******. 
[0032] Although many things are fabricated by the configuration according to a configuration application, 
the shape of a ring like Fig. 2 (a), the shape of sheet metal like this drawing (b), and disc-like [ like this 
drawing (c) ] are typical, and a thing with 0.5-lOmm [ in the outer diameter of 5-lOOmm, the bore of 1- 
100mm, and thickness ] and a height of 1-1 00mm can be fabricated as a ring-like thing, for example. 

http:// 4.ipd .jp .g .jp/cgi-bin/tr n_ eb_cgi_ejje 



9:54:08 AM 



Pages of? 



[0033] There are the disk location sensor of information machines and equipment, a spindle motor, the 
cylinder motor for VTR cameras, a capstan motor, the motor for a drive of a wrist watch, the distributor of 
an automobile, a windshield wiper motor, a mirror motor, various precision meter, a brushless motor for 
small devices, a step motor, a deflecting yoke, an audio equipment, etc. in the main applications. 
[0034] In order to form nickel plating in the front face of nickel plating bath and a plating approach R-Fe- 
B system bond magnet, it carries out at the process of washing -> surface activation -> electrical-and- 
electric-equipment nickel plating -> washing -> sealing -> washing. 

[0035] Surface activity-ized processing surface activity-ized processing is the most important with a 
plating bath at the nickel plating process concerned, and even if it will be in the condition that nickel 
plating cannot be easily formed by this bond magnet by which activation is not carried out and forms 
membranes, its membranous degree of adhesion will be remarkably low. After washing of rinsing etc., 
further, it is immersed in the water solution containing optimum dose 0.01, for example, inhibitor agent, - 
0. 1 wt% for 1 - 2 minutes, and a surface active agent is surface-activity-ization-processed ammonium 
hydrogenfluoride 0.5 - 2wt% or fluoric acid, fluorine compound 0.05 - 5wt%. 
[0036] Since corrosion advanced with the water solution with which a R-Fe-B system bond magnet 
contains a chloride, nickel plating bath artificers needed the bath which does not contain a chlorine ion for 
nickel plating bath liquid, and since they tend to be influenced of a hydrogen ion, did the knowledge of 
performing nickel plating processing for Bath pH in the field of 5.4-6.8, and found out nickel plating bath 
containing the six following components. 

[0037] A nickel sulfate (following presentation notation A), a sodium sulfate (following presentation 
notation B), magnesium sulfate (following presentation notation C), ammonium citrate or a sodium citrate 
(following presentation notation D), cobalt sulfate (following presentation notation E), a boric acid 
(following presentation notation F). 

[0038] Although nickel plating bath of this invention selects the presentation ratio of the above-mentioned 
component suitably according to the presentation of a R-Fe-B system bond magnet, it has relation 
between B component (sodium sulfate) and C component (magnesium sulfate) called A=B+C by making 
A component (nickel sulfate) into 100 g/1 - 150 g/1, and can give the new function mentioned later to 
nickel plating to a R-Fe-B system bond magnet by carrying out adjustable [ of the ratio of B+C ]. 
[0039] In relation called A=B+C, when there are few B components than C component, plating 
membraneous quality can make it detailed, and nickel plating film with few elasticity pinholes can be 
prepared and C component increases, the generation rate of plating becomes slow in a fixed current value, 
and the plating processing time becomes long. Conversely, although plating **** makes it big and rough ' 
and the probability of occurrence of a pinhole becomes high when there are more B components than C 
component, plating is attached and adhesion of ********[ surroundings nature and ] improves. 
Therefore, nickel thickness can be thickened and a pinhole can be erased. As for the presentation ratio of 
B and C, in relation called especially A=B+C, B:C=3-7:7-3 are desirable. 

[0040] D component is presentation range where A component has 20 - 25 optimal%, and F component of 
l/[ 1/3 of this D component - ] 2 amount is suitable for it as an addition at the time of an initial make-up 
of electrolytic bath. E component is desirable in order to show the effectiveness that the amount of 1 - 5% 
of A component raises adhesion. 

[0041] Aqueous ammonia performs pH adjustment, it is used in the 5.4 to pH6,8 range, and the bath 
temperature of an ordinary temperature condition is desirable. For example, in order to give gloss to a 
plating layer, according to a magnet appUcation, various well-known additives can be suitably added to a 
plating bath, such as adding saccharin. 

[0042] In invention of plating ******^ is desirable to use the S land nickel chip which contains S for a 
necessary current at an electrode in order [ although electric nickel plating is carried out ] for nickel 
component of the above-mentioned nickel plating bath to melt and to stabilize ****^ a sink and for an 
anode plate using S or the nickel chip which contains Co component further using the plating bath which 
mentioned nickel plating above. 

[0043] therefore ~ nickel plating layer by this invention - S component from an electrode - 0.02 - 
0,5v/t% - it contains ~ having - or - further ~ nickel plating bath component and/or Co component from 
a bond magnet presentation - 0,05 - 5wt% - it is characterized by containing. 

[0044] in order that the anode plate nickel component of nickel plating bath may melt and S may stabilize 
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**** ~ nickel plating layer - more than 0.02wt% - although it is necessary to contain, since corrosion 
resistance falls, the content exceeding 0,5wt% is not desirable. 

[0045] content of Co the improvement in adhesion with the substrate of nickel plating layer ~ effective 

- this effectiveness - obtaining - more than 0.05wt% - it is required, and a price goes up and is not 
desirable [ the content exceeding 5wt% ] while plating membraneous quality stiffens. 

[0046] content of Fe the improvement in adhesion with the substrate of nickel plating layer - effective - 

- this effectiveness - obtaining - more than 0.05wt% - it is required, and the content exceeding 2wt% is 
not desirable in order that plating membraneous quality may stiffen. 

[0047] Moreover, in nickel plating layer, Cu, Ti, Si, V, Nb, Ta, Cr, Mo, W, Mn, aluminum, Sb, 
germanium, Sn, Zr, Hf, calcium, Mg, Li, Na, calcium, Sr, Ba, Be, Zn, Au, Pt, Ag, P, B, O, N, C, H, etc. 
may contain as an impurity other than Above S, Co, and Fe. 

[0048] According to a bond magnet configuration, an organ bath can be variously used for a plating bath 
tub, and when it is a ring-like bond magnet, barrel-plating processing is especially desirable. 
[0049] Moreover, if the big difference to nickel plating bed depth put on an inside-and-outside peripheral 
surface in the case of a ring-like bond magnet arises, in order to invite a check and a crack with the stress 
by the coat of each peripheral surface, the barrel plating processing which needs to control nickel plating 
layer in necessary thickness, and mentions it later is desirable. 

[0050] By energizing so that the electrode 1 which has always turned to the shaft 2 bottom with the 
electrode shoe 4 may turn into an anode plate, the electrode 1 by the side of the anode plate in the ring- 
hke bond magnet 3 is eluted, and barrel plating processing can form nickel plating in magnet inner skin 
positively while it makes the shaft 2 which has arranged the electrode 1 at intervals of necessary on the 
periphery insert in in the ring-like bond magnet 3 and it rotates it, as shown in drawing 3 , 
[0051] It rinses after sealing nickel plating processing, and sealing is carried out by inorganic system rusr- 
proofer processing of organic system rusr-proofer processing, silicate, etc. For example, as shown in an 
example, it is good to be immersed in amine system rust-proofmg liquid and the water solution containing 
a surfactant for 2 - 3 minutes, and to seal a pinhole. Rinsing, ultrasonic cleaning, etc, give the washing 
approach suitably after this sealing, and a process is completed. 

[0052] Since desirable nickel plating condition bond magnet front face is a split face, 2 micrometers or 
more of nickel plating thickness are required, and it is 5 micrometers or more desirably Moreover, 
although corrosion resistance and a mechanical strength improve so that nickel plating thickness becomes 
thick, if too not much thick, it is necessary to enlarge the gap in a magnetic circuit, and is not desirable, 
and in order to raise a price, 100 micrometers or less are desirable, and it is 30 micrometers or less 
desirably. For example, with a ring-like bond magnet, in the case of l-2mm meat thickness, it can be 
made as 5-70-micrometer thickness at inner skin, and nickel plating can be made into 10-100-micrometer 
thickness at a peripheral face. 

[0053] Although this invention is characterized by preparing nickel plating layer for improvement in 

corrosion resistance or a mechanical strength, further, corrosion resistance can be raised, or it is the 

purpose which raises fanciness, can be considered as the composite-plating configuration which prepared 

one or more layers of plating layers, such as Gloss nickel, Au, Ag, Cu, Sn, Zn, and Cr, on nickel plating 

layer, and can also omit the above-mentioned sealing. 

[0054] 

[Example] 

The blended R-Fe-B-Co system alloy was dissolved so that it might become the presentation of example 
lNdl2 atom %, Fe77 atom %, B6 atom %, and Co pentatomic %, the ribbon foil of 20-micrometer 
thickness extent was obtained, this was pulverized, annealing heat treatment (600 degree-Cx 1 hour) was 
carried out [ melt spin was carried out with the peripheral velocity of 35m/second, ] further, and the 
magnetic material powder for bond magnets which has a fine crystal grain 0.5 micrometers or less was 
manufactured. 

[0055] To the obtained magnetic material powder, as a binder, an epoxy resin and 2wt%, as assistant **, a 
silane coupling agent and 0.5wt% were mixed, and it kneaded, and dried, and the ring-Hke bond magnet 
with the outer-diameter 8x bore 6x thickness of 4mm, an outer-diameter 12.5x bore lOx thickness [ of 
3.5mm ], and an outer-diameter 22x bore 20x thickness of 5mm was created by the compression-molding 
approach. 
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[0056] next, the following surface activity-ized processing liquid list - nickel plating bath - using - the 
formation of rinsing -> surface activity — nickel plating was performed at the process by this invention, of 
processing -> electrical-and-electric-equipment nickel plating -> rinsing -> sealing -> rinsing -> wami air 
desiccation. 

[0057] surface activity-ized processing liquid - ammonium hydrogenfluoride 0.5wt% ~ it was a + 
inhibitor agent 0.2V% water solution, and immersion time amount was 1 - 2 minutes, nickel plating bath 
presentations were nickel -sulfate 100 g/1, sodium -sulfate 50 g/1, magnesium sulfate 50 g/1, ammonium 
citrate 25 g/1, cobalt sulfate 2 g/1, boric-acid 12 g/1, 20 degrees C of bath temperature, and pH6.6, 
[0058] Plating conditions are barrel-plating processing and pole current density. 1 A/dm2 and plating time 
amount were 3.5 hours. Sealing was immersed in amine system water-solution rust-proofing liquid for 2 - 
3 minutes. 

[0059] In the result of having performed component analysis of formed nickel plating layer by this 
invention, as shown in the graph of the analyzer of draAving 4 , content of S, Co, and Fe is accepted. 
[0060] The following corrosion resistance test was performed to 100 things of an outer-diameter 22x bore 
20x thickness the dimension of 5mm among the obtained ring-like bond magnets with nickel plating, and 
the corrosion resistance of nickel plating layer and adhesion were investigated. In addition, nickel plating 
bed depths were inner skin: 15-25micrometer and peripheral face: 40-5 Omicrometer. A test result is shown 
in Table 1. 

[0061] Configuration collapse, a crack, etc. generated the thing using the Watts bath conventionally when 

nickel plating was performed in total, it destroyed at a time 100 ring-like bond magnets of each dimension 
obtained in the example 1 using the conventional Watts bath of the conventional example following, and 
plating was impossible. 

[0062] The conventional Watts baths were nickel-sulfate 300 g/1, nickel chloride 60 g/1, and a 30g [/l. ] 
boric acid, and 50 degrees C of bath temperature, a bath pH 4. 8, and barrel-plating time amount was [. the 
cathode current density of plating conditions ] 1 A/dm2 for 2 hours. 
[0063] 
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[ISM] tad*. ^HtEtg N i § ?rJg^-t-S ^ !: 
*«^^tgT3i-5 Jt R- F e - B^;Ky ]^mP6<r>ift:k^<r) 

m^mmm l . mmmmfi^ t n i o § :^-&ic'c 
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[00 0 1] 

I. R- F e - B^^iji!i)^a?i5c^Kiitji 0 , mmm 
m^zmm^^x. mm^zMx.. mm.&. mm^m 

[0002] 

met mtLm^mmm^ (wt*> KEsst 

IX. m^j^^fi^^-mmx'^mm^x<-mnx 
t^^it*'-^.. /j^-ffc. mat. n^ms,. mm 

[0003] mmm Lt:^mm^<^m& 
WE^tmmi-tum^^tix ^^h. 

[0 0 04] #±«^-ifyh'«Bi5fc«. Sm-Com« 

ff)mmMm&^^mt?> r - f e - b ^m/m^m ^ i> 

R-Fe-B?k^^yYmGti^m^tiX\^^. 
[0 0 0 5] ^cDR-Fe-B5gffittTO{i. mS'7>R 

-F e -Bjs^^^j!§MLi!»mf^(c«3W.i.?§j^ • m 

^ (#raBS6 0-6 3 304^. #1^036 0-1 190 

7 0 1-^) , c amyi^zxmmmmmmmjiimL 

m (#S©5 9-2 1 94 04^. #^B36 0-7 7 9 
4 3^) , @fScOR-Fe-B^-^^Sg?Ui^x'/b 

^^x:^-TV^^yt§mx:ifit:m ■ mrt^Mi^ 
[0006] i.^i'iicoMaTif ^>^^/^att^^s&fflv^-c 

R-Fe-B^H<yN'l8:Gfi. ^-Offl^t-ffiJi^TB? 

-ft L^-tV ^}S.-^^m F e ^li: ^ ^t^?t J6i(i>:-^-r 

i{#ra¥l-166 5 1 9^. #^^1-24 5 5 
0 4^) . tSJifig^Bir^lSttmH^iPi^^-iS^JS 

^t-^mizxhmumm^mm'im^m'o-rcR- f e 



- B^'t^y me (1^^^ 1 - 1 0 5 5 0 4^1) 
[0007] 

immmiX^brmm) R-Fe-BJ^;KyK 

mx'^i.t:»b. mm^mit. m-itizmmx-h 
x^'y^-^-^o#»»?p/l^s^s^ffl<o^-^'-t^5S 

<^mA-M^ tth:.hifX'th, 
[0 0 08] 1-^i>*>. y'yi/V'X^-i'-^ X-f-yt" 
y^^-^'-^(7)^:-^-fflU y^^^^R- F e -B5^;}C 
y Kia^tO^, W-^ifi 0 . 5 ~ 3 m mSJS<0»P^tw-C 

mmm^mmt. mAnz^H-th. 

[0 00 9] t*'L.. :ifltX(^R-F ^-B^t'yY 

iphr>tz. ±fz. y^ryv<r)Kx^^mm.comz^nti 
20 m-n'^.-mmmzi:mm^j:)iX'jm.L^<. 

[0010] t^j:h1b . R- F e - B^sKy VmSizW 

[0011] mmm^^-fh r - f e - b ^^-'y 
^<^mwmmi±m^^z\p\±.'fhi>K m^'<?m%m(r> 

30 ffi4-C^i:'«o^NyFUy^^B*(7)|ilit'^^^»tSB5itr^(c 

[0 0 1 23 --h. R - F e -B3mm:B\i^m± 
iii^'^i\i^mmmmx%mifi?)-hixf. t< 

X\^fz, 

[00 13] t^t)^hR-F & -BjmmW?aWi>ibr. 

^i^^yYm:^^'m^hzhmit:>fLhi^. mm 
^myvmsmMtxib'^^immx 

h'O.mi^ y y^^:KSfB^:H-t±iI^(ciiHc«$ KX It 

^Lxiymlml,z^^m^^mz^tttliblz. m.*>iz\^ 
m^mmLx^m^fii, 
[0014] iK^ma. m^. mmizmm^ i j^-o^ 

Sr^fi^-tl. b i)^^mX'h':'t:R- F e - B^^;Ky H 

uy^«. fW«. mm^^yYmGm±it<o\^± 

50 ittt, K:5ificoE®34i^, iW«©tt^c7)liti6«)5i 



3 

[00 15] 

ii^^^Th ->fzt'y VmGlz . m^co n i 46 -o # jg Sr 

isb'y^i:mmi^z^'^pm^^izimTt . zco^m i 
i6 o ^ wazmm^mwm l . gf mism t n i o 

X^\m^m&TN H^-o^m^mfi^T^ . R-Pe- 

[00 17] Zcomii. m^iJ^O. 5-1 

^Rl«R- F e - BSffi«©MiS5'7)^ffltCN i 46-^ 

[ 0 0 1 8 ] ^fc. zcrymnc^f^ym^ii. m^m 

[00 19] yy-liZX4(^'ymMi2vrt%m\i 
L,TV':xmB^5ton/cm^TmL. 150 

'CX'^ :1.7V y^-rim^lfmx\ u yf^-^^y ^wa 

T1±, ^'m!)m<n%^. 0. 5~2kg/mm2. n 

1 to-? S^QiJlO*^-^. IISt^(-ir:-r*0< . 3-3 0 k g 
/mm^ N ii6-5#JP;?^*^5~'30;«mcO^-&. 5~ 

2 0k g/mm2 . U y^^'^^^ YWaO^^"^ 
SaHSti. J I S K 6 9 1 1 CO|*lgl 0 0 mmlilTiO 

[0020] 

\w^<^9mmw\ :L<nmi\zxh r - f e - b^--k 
\^\iSM.. m:m\.xmwmtts:L. ^L^zmt^ 
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[0021 ] mfiz. ^^yrm^mrn. mmum. m 

:L<^n^zXhR-F e - B^^O- R- 

10 F e - B^Wmmii. BfSOR- F e - B^-g-^S'jg 

m*^#§ffi«S7Ci!£iJrffi. Efr^iOR-Fe-B^S^ife . 
[ 0 0 2 2 ] ?§M • 

\tF&mfK\. Si. C^C0^Ji6%*>^^&7xnt^ 

[0023] mmjtm.^ 

■m^mmzmtx's^L. ±imfmiz. ^mca ■ 
hi>^mc a Hi ^:m^±m^itm<7mtiz^i-i 

^ig1tXfX#B^4Jt'9 0 o°c~i 2 0 0'az». 

ni^iitimm.m^Tii'pizm.LxKmimm 

^m^-tl i 1 1 J: 0 , ffllbW^^ 1 0 ~2 0 0 M 

40 $ /i-. i^'x h $ jumcTimimim Mm^-r^ cr> h 
[0024] ma. mm ■ m'^. mmmm-x 

nhtim^tLX. R (ffltR<iY^^tf#jJB7C« 
Oi!'-^r<ti>ia, ff*L<{iNd. Pr^(7)(i#±a 
5±«s:i:tT. S>l,V^{iNd. P r ^t<7))I^5:ffl 
V\a) 8JI?%~"3 0JS^%. B2iI?%-2 8Si^ 
%. Fe6 5M^%~8 4iS?% (FecO-gES-FecO 
5 0%jyT«7)Co. Fe<7)8. 0%OT<iON i <!9^■^^- 
^c< 1 1 1 «T'ffi«IL:^ctc0^^tf ) ^iJS^^tt. ± 
50 ffl*''jE:6-fBt\ ii«at,tc^a^i,%LMo^fBa*^fe 
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=fr|.^^SJ!£0. 3-8 0 Mm(7)mimmtU\ 

[0 0 2 5] tfc. um:h^{^±^it?>:f::Mz. mwm 

^(03 umWFCOR- F e - EMmmB^. 
\^fS.mLt:<r>-hmWL, ?A,fc8 0 0~l 10 0"CTf5 

[0026] ^{^-^m 

mxzii^ mfm ifz<r>ib. mmmntm to. 5 m a 

RS—SOjllT^. Fe4 2~9 0m-7^%. B2-2 8 

Col 5M^%aTT*l.. 4)^0. ±lec0U,if 

[0027] Th^-IXm 

XLT. zfim^Hf^fdmmmmtfzim^mm 
mix t^y vm^m- f e - e^^iStt^msr*^ . 

[0 0 2 8] >i.ii jvru^y if 

•ft, m^'m±.cr>fzmz^ iMm&x-'^htiw.-^LtzR 
-Fe-B^if^yYmBmm.w^mz. cns. sm^F 
%aT. S2. 5m'f%ar. tia. 5m-^%jjit. 

S i 1 sm'f-XaT. V9. 5Mf-%aT. Nb 1 2. 
5iI^%li[T. Ta 10. 5W^^%UkT. Cr8. 5 
JK^^%JaT. Mo 9. SM^^XWF. W9. BM^^J-jl 
T> Mn3. 5J[M^%mT. Al 9. 5M^^%jyT. S 
b2. 5JS^%JilT. GelM'FXaT. Sn3. 5S 

z r 5 . 5m'f%mr. Hi 5. 5m=f%a 

T. Ca8. 5iS^%JilT, MgS. 5Mi^%OT. S 
r7. 0&^%aTs Bay. OJ!I^^%ttT. Be 7. 

[ 0 0 3 0 ] -try m-^cois-t u^mmm 

yy- ■ m:fjm 
>'N*-f yy-izit^^mo^m^m-nmi>zm txm^^hcD 

fflT#. 1-1 5wt%cOSiJ^Tm-tl.. fiSJi-ff. M 
fUmiiZii^ 6PA. 12PA. 6PA. PPS« PB 

T. EVA^. wtam. ;*i-yr-n-/k mm 

Wi, PVC, NBR, CPE. NR, A-fA'oy^. 



ffiffi^gff^tCfi. x,-Kdr ymm. DAP. 7x7 
[ 0 0 3 1 ] 

mizmm^^^ztmm'^mtmmy ^ y-cr, 
m-^^zt^^X'^i. 

[ 0 0 3 2 ] 

mmzmtxm^mmzm}^tiiA\ mx.im2m 
( c ) § mm^itmm h <r>x'h *) , u y 

t<7)i: L,T{±^J;?.(±\ ^'l-gS-l 0 0mm, rtgl~l 
OOmm. ffSO. 5 — 1 Omm, ft§ 1 — 1 OOmm 

[0033] ^^mmUi. ffilStiSsCOx x^es-b 
y-r. XfyH;l'^:-i'-, VTR;«^7fflcOyi»y:J'- 

[0 0 34] N i)sb'}^mb!!hr,^:f7m 
R- F e - Bi^;Ky Hfil5<7)3^ffltCN i ib-o ^ ^mfi> 

[0035] mmismmm 

tt3fi:i)SWT-S)0. iio-/Stt^tMia3;a^v>-t'yHa 

mayyitry^tyo. 5— 2wt%. 

7v^'fb-^ft0. 0 5'-5wt%. $A>t#ffivgtt 

SiJ^a*. ^jiff-fytb'^-IPjo. oi~o. iwt 

roi-irttAimmiz. i-'2^mimix. mmm.-m 

[0036] NiHb-i^m 

WMmc>ii. R- F e - B^*:y Ymm^mm^r^ts 
ymmizx -^xmMmm-iiaiib. n i iibr> ^imiz 
ti«-f J^-y^^^^^vn§*^^e^wt■^)'5. iJt, 7K*^'t 

40 y«^iP2rS(t^-rv^it46. JQpHSrS. 4~6. SO 
ffllST'N i i6 o # Jim ^fir=5r ^ i^J®*^^ IZb *5na 
TfBc0 6BS;^^S-ttfNiy)r.#?SSrI.aiUc. 

[0037] Wim~ ^)v- { WTffli^ie-^A ) . 
hU'^A (WT«is^B) . mm^y^i^'^j^ {m 
mxmc) , ^aLymTy^-^j^ttzii^^zymf 

le^E) , (ijiTMe^F) . 

[0038] ::t7)|gBBeoN i R-Fe-B 

^'■i^y m^mmzm tx . mm<r)^&^it^mK 
50 m&^hi)K Km (mLz^-yytv) ^ 1 0 0 g/ 1 ~ 
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150s/ I tLX. Bm (SMi-h^J^A) . 
4)- (eSK-?:/^^>">A) b<7)miZ. A = B + CfcV^oM 

Fe-B^;K>'Kei5^<7)N f^-|>rril 

[0039] A=B+C^:V^■5Pg^t^5V^t. B^*;{/« 

«^fy*-;l-cOii'^^v^N i to-j §K5riStt-& Cl i: *>'-C 

{CA=B + Ct\,^^|^fl{C*5(,^T, B, C(r)immi 
B : C = 3~7 : 7~335fS|ff4LV\ 
[0040] Ti^Wi. m^(r)2 0- 2 5%*5«3i^ 
^immt'M. icODfi)ccB'c7)i/3~l/24<7)FjS; 

[004 1] p HPSfiry^-T^tT^TUp H 5 . 

4-6. 83iHTfi6mL. nrnMmmmtL^^, 
fednfflSrjSa&ai Sit *^'-c# h . 

[004 2] ib-y^im 

-ri.A^ ±ieN i 46-5i^?§cr)N i;i)(:^)-£7)j§{taiL^s^ 

[0 0 4 3] ta!-5T, <l«O^^0fl(cJ:SN i 

f±. mSjO'4>(^S)^c**^0. 02-0. 5wt%^WS 

«ifffl^*^^><?)Co^^J-*iO. 05~5wt%^W$tl 

[0 044] S(±Niaib-?§f^«|©gN iJit:»-<7)JgJtai 
Li^^&^^^tzib. Ni»-?gi*tO. 0 2wt%a 

[0 0 4 5] Co<^-^^{iN ift-^^jfOTtitsO^* 
ttoor6j±fc*^&'CJ)'9. ::<?)S!)M^#l.fc(iO. 0 5w 

t%&.±'^WX'h'0. 5wt %i:mt&^^l±>ibr,^m 

[0046] F e <?)-S-*(iN 1 V)-? # jfcOTitiitOS^^ 
ttcOliiI±(c^i««|-CS)'?. w«0^*^#^fc(iO. 0 5w 
t%J.)l±^gt'*0. 2wt %imt^if^\iib-jm 



[0047] iit. N ii6-3§JBt{±. JiiSS, Co. 
Fe<7)ffit, Cu\ T i , Si, V. Nb. Ta, C 

r. Mo, W, Mn, Al, Sb, Ge, Sn, Zr, 
Hf, Ca. Mg, Li, Na, Ca, Sr, Ba, B 
e, Zn, Au, Pt, Ag. P, B, O, N, C. H 

[ 0 0 4 8 ] i^?mc{±, ^cy mimmz^tx 

10 [ 0 0 4 9 ] ^it , u yym-^y vm^ffii^^. mm 
m^zwMfhni^',^m^Mziz%t(:m^±tht. 
^m^<r)Wm.{zi.hm-^^zxi^u. n\h'kmm-hfz 

[0050] EKiO-o SMati. 113 {C;S-riD< , f\-m 

iznm 1 ^BfssPBT'Ssa ujt i^-v ^ ^ 2 ^ y y^^^m 

4 (CT 7 h 2 iOTfMtcE -5 T # fzWM 1 

^Si:^rl.J:-3(^JIl;i-&;t{cJ:'9, 'J y ^'ttrXy H 

[005 1 ] Mimm 

^^b'cDmmmm^mmizxnjimmth, mm. m 
mmiz2--'3^mmix. \^-y^^-ii^m^-thtx 

[00 5 2] »SLi.^N 146-? g^^fc^ 
30 J^y Kl»:5«H(i«®-C'$) * , N i tf) ^ 1= WP^ti 2 

M ma±'mXh ^.mtKitbM mJiLhT-J) I, , t 
tz. N i -> ^ m^-i}m< fa t'WAtt^ W6<j5I« 

oummx'hh. mm. ^jyy^^^-yYmax'^m 

40 [ 0 0 5 3 ] i cr>mm:k'\t'^mm6mm<7)\^±cr)fz 
iz. m±\t^:\^±.^itrz^ . mm^^i^i.^'ttim 

N i»-5#l<0±^:. ^?KN i. Au, Ag. C 
u, Sn, Zn, Cr^rif<7M6o?;jiSr, ISBLtSft 

vt^-th:ibi,X'%h, 

[0054] 

[lunii^j] 

UtilMl 

50 N d 1 2jSi^%, F e 7 7JI^%, B m=f-%. C o 5 
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M^%<7)ffi^i: irS J; d izm^LfcR-F e - B - C o 
[0055] #A>)h,7tfflEtt««}*tc. yy-t LX 

0. 5wt%^ti-^, fi^, EmmiT 

^IZX. ^m8X\H^6xm^4mm. irmi2. 5X 
0Xjf<^3 . 5mm, ^'Ml2 2Xrtf52 0x/¥;?t 

[0056] d:iz. Ttmmrs^mmwMxj^izN i 
[0057] ^ffivStt«a?Wi. B!tt7 -y-itry^y 

0. 5wt% + -< ytb':J'-^jO. 2V%7jc}§?l$-C* 

/I. BiESS^^^^J^'>A5 0g/l , ^x>-|gry^:x 
9^253/1. gSK:3A;H^2g/K xf^^^l 2g 
/l.mmO'C. pH6. 6T$>-o/;, 
[ 0 0 5 8 ] ^^ffJi. J^U/Pib-y ^^511, ffimS 

1 A/din2. y)-5^B#rBl*'^3. 5fl#raT'ft-:. 
!t . M?Lm<±T 5 y^7j<^»S?S 1 2-3 -^^faMS 
L)t. * 



* [0059] ^(OmMiZ^ l^m^iltzN i #J1(7) 

tC^-rJ;-5t-S, Co, Fec7)#:t*>i2to^flS. 
[00 6 0] f#^>ixyiN ia6'P§^ttUy:?'"^**>Hl:5 
cod*). ^'NS2 2xrtfI2 0Xjg;2».5mm^&(Otc01 

iSl : 1 5~2 5/im. }>mm: 4 0-5 0// mT'3i-:> 
10 [006 1] |a^*C»J 

a« ij y^m^y YWai 1 0 0 wroN i $ itf 
tz. 

[0062] m^<r)V •/ hrs^i, >y c>-/i^3 o o g 

/I , S^b~ /^/l^6 0g/l . ^-^KBOg/lTiP!) 
0, }8?fl5 0T;, J8pH4. 8, 

46 o ^ ll#r^ AS 2 l^r^. ^ISSISSAi lA/dm^X'h 
20 -?Jt. 

[006 3] JtftcMl 

WilW«tSS§t. Affiles 0±5/xmCOX^drixt(jjg 
[0064] 

[^<1 ] 









(a)60^CX90%KM 






(b)80'CX90%KM 






(c)S.S.T. 

(36*C. 6%NaClift 






{d)P.C.T. 

(125'CX85%RH. 

2atm)^IK 


{mwintmrc-mmrjii. 





[006 5] H) 

Y-mE<r>^h^ mi8X|*]@6x;fp;*.4mm, 

2. Sxp^gl 0Xjf;i>.3. Smm^cOicT)^! 0 0 

[0066] sm^\m2 (a ) \,z7fcna< , ^aiB 

Jf {M»-tl.lSi^ ( J I S K 6 9 1 1 ) $:fi=V\ -?-cO 
M«&k g/mm2 ( 1 0 OfflWJ^tt) TS^-f. ?SIT 



40 



[0067] mm2 

\,zm^L. ^m^mkL^£\.^ij<r>. mf>,zm^\z3o± 

5 tx m<r>:t.if.^l/mm:W^mzX^m^ \.tzWk<^ u 

fz, m^%im.2\izm- . 

[0068] 
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mm 




^W^12.5Xf*3mOX]?^3.5mm 












2.7kg/iimi2 




1 .5kg/iinn2 






3.5kg/mni2 




2.5kg/miii2 






S.Skg/min? 




7,7kg/m]D2 




^fll40±3iiin 






ll.Sks/nmv! 





[00 6 9] ||)5tfJ?ij3 1 A/dm\ *^o§B$|ll. 3. 5^F^T'J)-7 

miSl^fltLT. *itS9 9. 9%<:omm. B19. 4 m^SW. 7Syi^*^)iSteMfatt32~3^^1ift 

^.^§7xP^ny-^. *tK9 9. 7%]JLh<0Nd:a [0 07 6]#-i,tL7tNii6-:.|:#K«4?yh'JS¥cOJ» 

X/Dyt:mmt. ^tlf^^ArWm^X'fimmmmt. ^'m^m^L:^k:i^. (BH) max=l 9. 2M 

^(OmAQ^mm^l/Zmi&L. 14Nd-l. 5Dy- GOe. iHc = 13. 8kOe. Br = 8. 9kG-C- 

7. 5B-77Fe (at%) 55rl.a^T-iE*fiS±ffl h-oti. tfz. J 1 S K 6 9 1 1 iZtmLfmm(r>m 

[0070] ^com. y^mmmnn'm^x ^3 5 k sXmm^com^^ntc. 

cLi:mzm.mb. mz^^-)i^iMzx mmi. ^ [0077] mms 

mxt. 1 okoeojs^4'T-ffiifiiL.^*^^>i . 5t/ mimmizmmi. mmi,z4o±5Mmcoj:^^i^mm 

cm2cr)ff^)TjujEL, ^mxmm^nmx-m i:mLxmm&mmLt.:b-i6. 5%m&<7)WF 

tSJSl 0 0;uin~5 0 0;Ltm(=L/>:. ^^^^^^.tl^^. */is J I S K6 9 1 KcmMLJtSK 
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